INTRODUCTION

Global Warming and Greenhouse Gases
Global warming is defined as "the increase in the surface average temperature of the earth" because of the increase in the concentration of greenhouse gases (GHGs) such as water vapor, methane, ozone, carbon dioxide, chlorofluorocarbons (CFCs), and nitrous oxide [1] . Greenhouse effect is the main cause of being earth a suitable place to live on, without GHGs, the earth surface temperature would be too law and so no life will be on earth. However, the increase in the amount of GHGs in the atmosphere led to this catastrophic phenomenon, that is, the global warming [2] .
The atmosphere of the earth consists of nitrogen, oxygen, and argon mainly and other gases in small quantities including GHGs and some pollutants as represented in Table 1 . The percentage of the permanent gases (nitrogen, oxygen, and argon) does not change while the percentage of the trace gases (carbon dioxide, methane, nitrous oxides and ozone) changes daily, seasonally, and annually [3, 4] . GHGs have the ability to absorb and reradiate infrared radiation because of the internal vibrational modes that their atoms have, unlike the other main components of the atmosphere [5] .
Heat Retention Mechanism
The solar radiation spectrum consists of three wavelength ranges; ultraviolet range, visible range and infrared range and each range possess a portion of the solar energy. Figure 1 shows the components of the extraterrestrial solar radiation spectrum and the fraction of the solar energy in each range. Infrared waves carry almost half of the solar energy in the spectrum, most of these infrared waves are with high wavelength due to the sun surface temperature (5777 K) [5, 6] .
As the sun radiation goes through the atmosphere, minor portions of it get absorbed by the GHGs and reflected toward the space due to clouds and aerosols. Carbon dioxide and methane absorb the waves in the infrared region, while ozone absorbs the waves in ultraviolet region. Moreover, the absorption effect of water vapor is distributed throughout all the wave lengths [7] . The major portion of solar radiation hits the earth's surface and the terrestrial objects causing a rise in the temperature of these objects. As the earth's surface and terrestrial objects get warmer they radiate short-wave infrared radiation (due to their low temperature (277 K) compared with the sun) toward the atmosphere, which will be absorbed by GHGs [4] . Figure 2 shows the extraterrestrial and terrestrial wavelength spectrum and the characteristics of water vapor and carbon dioxide to absorb radiant energy at short-wave infrared region.
THE DRIVING FORCES OF GLOBAL WARMING
Natural Events
The climate of the earth has changed many times in the past with causes related to nature like the variation in the solar radiation emitted by the sun, the volcanic eruptions, and the variation in the incident solar radiation on earth due to Milankovitch cycle [8, 9] . Milankovitch cycle is defined as a long-term cycle that occurs every 10,000 years, this cycle launches natural global cooling and warming by three causes: the eccentricity, the obliquity, and the precession. The eccentricity is defined as the change in the elliptical shape of the earth's orbit while the obliquity is defined as the change in the declination angle of the earth and the precession is defined as the wobble of earth's axis [10] .
NASA satellites have been measuring the sun irradiation since 1978, the readings show a very slight drop in irradiance (the rate of energy emitted by the sun) over this period of time [11] . Long-term estimations were made to determine the effect of the variation of solar radiation; the results show that the change in the solar radiation could be responsible for not more than 10% of the 20th century warming. Moreover, if the warming is caused by the increase in solar activity the whole layers of atmosphere should be warmed, instead scientist observed a cooling pattern in the upper layers of the atmosphere and a warming pattern in the lower layers of the atmosphere [12] .
Volcanic eruptions have a significant effect on the temperature of the earth; the eruptions carry gases and ash into the upper atmosphere; these gases, especially sulfuric gases, help in the formation of clouds causing the reduction of the global temperature for 3 years. In addition, volcanoes emit large amounts of carbon dioxide and water vapor, which contributes in the global warming; however, the amount of carbon dioxide and water vapor emitted by the volcanos is very small compared to human emissions [13, 14] . Volcanos emit an annual average between 130 and 230 million tons of carbon dioxide while mankind causes annual emissions of 26 billion tons of carbon dioxide (100 times more than volcanos) [15, 16] .
Natural events are still acting but with too small and slow influence on the climate compared with human activity influence. Scientist developed climate models based on data from satellites and from ground stations to recreate temperature models over the past 150 years to proof that human activities are the main influence on the climate. The simulations of the model were able to fit the global temperature observations by considering only the solar natural variability and the volcanic emissions for the period between 1750 and 1950, but after 1950, the global temperature trends cannot be explained without considering the GHGs added by mankind [15, 16] . Figure 3 shows the ensembles between the global observed temperature anomalies and the simulated ones by considering only the natural causes and by considering both natural and anthropogenic causes.
Anthropogenic Emissions Water Vapor
Water vapor is considered as the most abundant gas in the atmosphere and it is considered as an important element that gives feedback about the climate and so about global warming. Water vapor is responsible for two-third of the global warming; the amount of additional warming in the atmosphere is determined by the amount of water vaper that enters the atmosphere. The atmosphere currently maintains a constant equilibrium between temperature and water vapor concentration due to the short lifecycle of water vapor. However, as the temperature continue to increase the balances will be lost and will increase the global warming where water vapor has the ability to double the warming caused by carbon dioxide [9, 16] .
Water vapor can also affect the global warming in an indirect way; when the climate gets warmer the percentage of water vapor increases in the atmosphere, which increases the possibility of forming clouds [11] . Clouds play an important role in cooling or even warming the planet, brighter clouds reflects the solar radiation to space and by that they help in cooling the planet. Conversely, clouds have the ability to absorb and emit energy in the infrared region where low clouds have approximately the same temperature of earth surface and so they emit almost the same amount of infrared energy. While high cold clouds absorb the energy coming from the lower atmosphere and due to their low temperature, the amount of energy emitted will be low which means that high clouds will reduce the ability of earth to cool and so cause the increase in the earth's temperature [9, 16] .
Carbon Dioxide
Carbon dioxide concentration has increased in the atmosphere by 30% since 1950, which is a significant increase. This increase was caused most likely by human's activities. Figure 4 shows the global change in the concentration of carbon dioxide through the history until 2013. Humankind depends mainly on fossil fuel to produce energy where burning these fuels produces different amount of carbon dioxide, water vapor, and nitrous oxides depending on the fossil fuel type. Coal, natural gas, and oil are the most common types of fossil fuel that are used by humankind where in 2015, it was reported that 45% of CO 2 emissions came from coal burning, 35% from oil burning, and 20% from natural gas burning [17] .
Humankind not only increased the amount of carbon dioxide but also disrupted the carbon dioxide cycle in the nature by overcutting the forests. The deforestation will cease the absorption of carbon by trees and so carbon dioxide concentration will increase in the atmosphere where 25-30% of the yearly emitted GHGs is because of deforestation. In addition, 50% of the trees is carbon and burning these trees will release the carbon stored in the trees as CO 2 which will exacerbate the consequences of the deforestations [18] .
Carbon dioxide needs hundreds of years (5-200 year) [16] to adjust and achieve the balance and as the percentage of carbon dioxide increases, the balance will happen at higher temperature and at higher water vapor levels. Therefore, scientists believe that carbon dioxide behave as controlling factor rather than reacting factor, as it controls the amount of water vapor carried by the atmosphere [2] . Doubling or halving the carbon dioxide in the atmosphere causes the change in the earth's Table 1 . The gas content of the earth's atmosphere [3, 4] .
Gas name
Percentage (%) temperature by +3.8 C or −3.6 C respectively. However, the amount of the change in the earth's temperature-caused by the change in the carbon dioxide concentration-depends on the change in air humidity which in return depends on the air temperature [19, 20] .
Methane
The second largest anthropogenic contributor to global warming is methane emissions, the amount of methane emissions have increased by more than the double over the last 150 years [21] where it is reported that almost 60% of methane emissions comes from human activities. Anthropogenic methane can be released into the atmosphere during the extraction, production, transportation, refining, and the distribution of natural gas (methane is a primary component). Moreover, significant amounts of methane come from livestock, agriculture, human waste, and from landfills [22] . Table 2 Methane molecule has the ability to absorb and reradiate the energy 10 times more effective than the carbon dioxide molecule. However, scientist usually focus on the total levels of the emissions instead of the intensity in their analyses where the concentration of carbon dioxide is approximately 200 times more than methane and also the lifetime of carbon dioxide is much bigger than the atmospheric methane [24, 25] (methane life time is 12 years) [16] .
Nitrous Oxide
Human Activities such as fossil fuel combustion, agriculture, industrial processes, and wastewater management are responsible for about 40% of the total N 2 O emissions [25] , Figure 5 predicted to be 25.7 Tg N 2 O/year by 2100 which will cause an increase in the surface average temperature by 0.37 C [27] . N 2 O stays approximately 114 years in the atmosphere and it is removed as a part of the nitrogen cycle by certain bacteria or destroyed by chemical reaction or by ultraviolet radiation. N 2 O has the ability to warm the atmosphere almost 300 times more than CO 2 (1 to 1 base); however, the concentration of N 2 O is much smaller than CO 2 [25] .
THE CONSEQUENCES OF THE INCREASE IN THE CONCENTRATION OF GHGS
Temperature Rise
After the industrial revolution the temperature of the earth's surface began to increase; scientists at Goddard Institute for Space Studies (GISS) say that since 1880, the earth's surface average temperature has increased by about 0.8 C. NASA, NOAA, the Japan Meteorological Agency and the Met Office Hadley Centre in United Kingdom recorded the annual temperature anomalies from 1880 to 2014, all the records show the same trend (peaks and valleys) with different values [28] , as shown in Figure 6 .
Earth's average surface temperature will continue to rise as humankind continues his environmentally harmful activities specially burning fossil fuel. Based on three CO 2 emissions scenarios, scientists predict that the average surface temperature will increase by [2] [3] [4] [5] [6] C by the end of 21st century [9] , as shown in Figure 7 . Plants, crops, and animals need specific conditions to survive and grow including the suitable ambient temperature and enough amount of water where the increase in the global temperature will disturb the growth and the breed of these creatures. Moreover, the increase in the global temperature will lead to increase the intensity and the spread of extreme weather events such as droughts, hurricanes, heat waves, and floods [29] , which will increase the number of human and material casualties. In addition, as the climate get warmer the snow and the ice melts down causing not just the sea level to increase but also the transformation of sunlight reflecting surfaces (snow surfaces) to sunlight absorbing surfaces which will causes more energy to be trapped in the earth atmosphere [9] .
Oceans and Marine Life
Half of the anthropogenic CO 2 has been absorbed with the time by oceans which reduces the warming of the climate; however, this causes a serious change in the chemistry of the water. When carbon dioxide dissolves in water, carbonic acidic is formed which will cause a drop in the surface water's pH. Over the past 300 million years, oceans' water tends to be slightly basic with approximately pH of 8.2, but today it is around 8.1, this drop represents 25% increase in the acidity over the past two centuries and this change in the water's pH will affect the life cycle of many marine creatures [30] .
Moreover, almost 80% of the heat trapped because of greenhouse gases is absorbed by oceans causing the rise in the water's temperature and so the expansion of water. Scientists say that about half of the rise in water level in the past century is due to the thermal expansion. Sea level has been rising at a rate of 0.14 in. per year since 1990 where this increase is mainly caused by thermal expansion of water. Furthermore, as the climate get warmer, the snow and the ice will melt down causing sea level to increase [9, 31] . Scientists expect that by 2100 sea level will rise between 0.8 and 2 m which mean thousands of coastal cities and islands will be demolished and storm surges will be more powerful [32] . The increase in water's temperature will not affect only the thermal expansion of the water but also will affect the marine life where as the oceans become warmer the percentage of dissolved oxygen will be reduced which will cause the death of many species. Coral bleach is one of the most dramatic effects of global warming, the increase in the water temperature will cause the death of the algae that lives inside the coral; these algae provides the coral with the food and the death of them means the death of the coral [33, 34] .
Extreme Weather Events Storms and Hurricanes
The temperature difference between the equator and the poles fuels the formation of mid-latitude storms and the decrease in this temperature difference by the global warming could affect the formation of the storms. As the temperature of the atmosphere increases, the ability of it to carry water vapor will increase causing humidity to increase where at the poles the humidity and the temperature are low and any increase in water vapor and heat could raise the temperature in a great way. On the other hand, in the equator, the temperature and the humidity are already high and the change in them will not be high; thus decreasing the temperature difference which will decrease the number of storms; however, the increase in the moisture captured in the atmosphere will increase the intensity of these storms [15, 35] .
Global warming could also affect the formation of tropical storms and hurricanes where the formation of tropical storms is driven by the sea surface's temperature and the air's humidity. Global warming increased the ability of atmosphere to hold moisture and also increased the temperature of the seawater surface, which will increase the intensity of these storms and the possibility of forming hurricanes by increasing the wind speed of these storms. The temperature of the surface seawater was increased by 0. increase the hurricanes wind speed by 1 knot according to hurricane intensity models. However, this cannot be verified at the present because the intensity of hurricanes is measured with an accuracy of Ç5 knot and so the difference will not be noticed [34] .
Precipitations, Droughts, and Floods
The intensity and the geographic pattern of precipitation have significantly changed in the past 40 years where dry regions have become drier and wet regions have become wetter; however, the total precipitation of the world has slightly changed. Global warming is responsible for these changes where the increase in the atmospheric temperature increased the ability of the atmosphere to hold moisture. As the moisture content in the atmosphere increases, the potential of producing heavier precipitation will increase; however, these precipitations events become shorter and less frequent because it need more time to refill the atmosphere with moisture [35] [36] [37] [38] .
During the 20th century, the frequency of great floods has increased substantially, the heavy precipitations over a short period of time contributes to the increase in the floods around the world. The ability of soil to soak up the water in the case of heavy precipitation will be low, which will increase the amount of runoff water causing floods also regions near water bodies will witness floods due to the rise in the water's level [38] [39] [40] .
Since the 1950s, drying trends have been observed in the southern and northern hemispheres and since 1970s, the extent of very dry areas across the world have doubled. Climate models cannot explain these trends and extensions without the effect of global warming where global warming is affecting the factors that cause the increase in droughts, such as the shift in the precipitations trends from moderate and light rains to short and heavy precipitations as well as the early snow melt and the increase in the evaporation rate from vegetation and soil [41] [42] [43] .
Heat Waves
Heat waves are defined as prolong periods of hot weather where such events have significant effects on human health where the exposure to high temperature for a long period causes serious health issues such as fainting, heatstroke, and clams [35, 37, 44] . Heat waves used to be extremely unique where in the period between 1951 and 1980 extremely hot temperatures affected only 0.1% of the world but after 1980 the extreme heat events have become more prevalent. Heat waves currently affect approximately 10% of the world and it could affect 17% of the world after one decade if the warming continues [38, 45] . As the average global temperature increases, the climate will shift toward warmer climate causing more record of extreme weather as shown in Figure 8 [16] where the mean in the graph is the average temperature and the variance is the spread of the temperature around the mean.
GLOBAL WARMING MITIGATION AND ADAPTATION
There are three strategies to deal with the climate change; the first one is to do nothing and continue to increase the amount of greenhouse gases in the atmospheric, which will lead to the extinction of life on earth. The second strategy is the mitigation of climate change by reducing the amount of anthropogenic greenhouse gases and the third strategy is the adaptation to climate change by developing techniques and ways that will reduce the impact of climate change [39] . Figure 9 shows a schematic diagram for the cost of mitigation, adaptation, impacts, and the inter-relationship between the three strategies.
As shown in Figure 9 , the adoption of one strategy has the highest cost where no action strategy has a high cost because of the unpreparedness to face the increasing impacts of the climate change while mitigation strategy means cleaning up the extra greenhouse gases from the atmosphere which is very expensive and unlikely to happened. Conversely, the adaptation strategy means the continuous development of protective techniques to face the increasing impacts of climate change. However, the combination of the adaptation and mitigations strategies will have an optimal cost; reducing the greenhouse emissions to certain limit will make the adaptation strategy less costly because the impacts of climate change will be reduced [39, 46] .
Intergovernmental Panel on Climate Change (IPCC) defines the adaptation as "the adjustment in nature or human systems in response to actual or expected climatic stimuli or their effects, with moderates harm or exploits beneficial opportunities" [21] . The adaptation of humankind to climate change can happen in different ways like the adaptation driven by the change in government policies and the adaptation driven by the technological advance. However, the adaptation is limited by financial, technological, and social factors; in addition, humankind may have the ability for the climate change adaptation in a short-term using different techniques while many other species may not have the short-term adaptation. The resilience of species to the climate change requires long time so that they can adapt to these changes, which makes the adaptation alone not an effective solution. Building dams at rivers and coasts to prevent the floods and protect the coastal cities from the rise of sea water level is an example of one of the adaptation techniques [39, 46, 47] .
While mitigation is defined by IPCC as "an anthropogenic intervention to reduce the source or enhance the sinks of greenhouse gases" [21] . This can be done by two ways; the first one by stop emitting these gases from its sources, Table 3 shows different mitigation techniques to reduce or even stop the greenhouse emissions from different sectors. The second way is to develop techniques to absorb the greenhouse emissions from the atmosphere, for example, trees can absorb CO 2 from the atmosphere where planting trees will be a technique to reduce the amount of CO 2 in the atmosphere. The combination between the two ways is required, nowadays, as the transition to an alternative clean energy source or the prevention of greenhouse emissions is a long-term strategy [39] .
As the carbon dioxide is considered as the controlling factor of the global warming, the efforts should be placed toward cutting the CO 2 emission and by the sequestration of these emissions. The sequestration of CO 2 emissions can significantly contribute in limiting the consequences of global warming; however such technologies are still unfeasible from economic point of view [48] . Cutting the CO 2 emissions seems to be the most attractive option accordingly to scholars as this technique is feasible and can be implemented all around the world [49] . Energy generation sector possesses significant potential in cutting the CO 2 emissions as this sector is responsible for almost 37.5% of CO 2 emissions [50, 51] . Renewable energy resources such as solar and wind energy are abundant, suitable alternative for fossil fuels and can be utilized in affordable and feasible ways [48] . It was reported in Ref. [52] that renewable energy resources can play a vital role in cutting the CO 2 emissions where if the share of renewable energy in the electricity generation mixture increased by 2050 to 39%, it can reduce the CO 2 emissions by 50%. Moreover, the use of new technologies in the conventional power generation systems with higher efficiencies can contribute significantly in reducing the CO 2 emissions. For instance, the use of integrated gasification combine cycle in coal-fired power plant increases the thermal efficiency to almost 45% while the use of combined cycle gas turbine with natural gas increases the efficiency to about 60%. The use of such technologies can reduce the CO 2 emissions by up to 50% for each power generation unit [51] .
Furthermore, the use of hybrid, electric and the bio-fuel powered vehicles plays a vital role in the reduction of the CO 2 emissions as the transportation sector is responsible for about 22% of the global CO 2 emissions. The use of such vehicles has a potential to decrease the CO 2 emissions by 300-700 Mt-C in 2020 [51, 53] . Furthermore, improving the energy efficiency in buildings can contribute in cutting the CO 2 emissions by 950 Mt-C in 2020 as the building sector is responsible for almost 31% of the total CO 2 emissions. This amount of CO 2 emissions reduction can be achieved by enhancing the energy efficiency of the lighting, equipment, and appliances [51] . Heating, ventilation and air conditioning systems (HVAC) account for the majority of the energy consumption in the buildings [54] where the insulation of the building's envelope plays a vital role in this amount [51] . The use of variable refrigerant flow (VRF) HVAC systems can save significant amount of energy where in Ref. [55] they reported almost 82% reduction in the energy consumption in their case study by the use of VRF system instead of conventional ones.
Moreover, by improving the efficiency of the industrial process and the efficiency of the material used in the industry, it is possible to reduce the CO 2 emissions by 1300-1500 Mt-C in 2020 where the industrial sector is responsible for almost 43% of the global CO 2 emissions [51] . The improvement of the industrial process efficiency can be performed by the use of advanced technologies such as the waste heat recovery systems, which would significantly decrease the energy losses while the improvement of the materials' efficiency can be achieved by efficient product design and the adaption of reuse and recycling strategies [51] .
CONCLUSION
This article reviews the driving forces of global warming and suggests the most probable cause of global warming based on the literature. Moreover, this article presents some of the techniques that can be adopted to mitigate the global warming phenomenon. Humankind activities are the main contributor to the increase in the GHGs in the atmosphere and so the major contributor to global warming. Natural events such as Milankovitch cycle and volcanic eruptions have too small and slow influence on the climate compared with the human activities influence.
Water vapor is responsible for two-third of the global warming; however, if the concentration of water vapor is only increased, the global warming will not happen. Water can evaporate and condense easily to maintain the equilibrium; however, as the concentration of other greenhouse gases increases specially CO 2 , the atmospheric temperature increases which increases the ability of the atmosphere to hold more moisture causing the equilibrium to happen at higher temperature.
The possible actions toward the global warming are summed by three strategies: the no action, the mitigation, and the adaptation strategy. The no action strategy means the continuation of emitting GHGs and so it will have the largest cost which is the extension of life on earth. While the adaptation is the development of new techniques that reduces the impact of global warming and the mitigation is the reduction or even the prevention of GHGs emissions. The adoption of one strategy alone will have high cost while the adoption of both mitigation and adaptation at the same time will have the optimal cost and will be an effective solution for the global warming.
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